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Framework of KeyVT

Problem: Token limits in 3D-QA cause spatial 

context loss and severe visual redundancy.

Method: KeyVT selects spatially consistent views 

and compresses redundant tokens via optimal 

transport.

Impact: Maximizes diverse 3D context and frees 

input capacity without increasing computational 

overhead.

Motivation

KeyT:Optimal-Transport based Key Tokens compression

Method

KeyV:Geometry-aware Key View Selection

Visualization

Experiments

Results on ScanQA & SQA3D

Results on VSI-Bench

View Distance Calculates spatial trajectories by combining camera position offsets and rotational 

angular differences to ensure spatial consistency.

Sub-scene Relevance Score Evaluates sub-scene semantic importance by aggregating the 

maximum and average vision-language similarity scores.

Adaptive View Allocation Dynamically assigns the optimal number of key views to different 

sub-scenes based on their size and semantic relevance.

Key Insight: Instead of relying on isolated semantic retrieval, 
incorporating camera parameters preserves crucial spatial 
coherence for 3D reasoning. 

Optimal Transport (OT) Distance Formulates token compression by minimizing the 
transportation cost between redundant view tokens and compact virtual tokens.

Sinkhorn Distance Introduces entropy regularization to the optimal transport problem, 
enabling fast and fully differentiable gradient-based token updates.

Real Token Grounding Bridges the embedding gap by selecting the actual image patch tokens 

that best correspond to the optimized virtual tokens.

Key Insight: While clustering-based models are sensitive to densely 
populated features, learning tokens under the optimal transport 
(OT) theory leverages its ability to model geometric structures, 
enabling the model to discover diverse and representative tokens.
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